A detailed mineralogical and petrological study and the analysis of pal eo sol profiles in continental alluvial sediments of the Late Permian in the SE Iberian Ranges (Spain) allow us to infer the significant environmental changes that occUlTed during this time period. Three parts have been distinguished in the Late Permian sediments (Alcotas Formation). The lower part includes abundant and well-preserved carbonate paleosol profiles and fine-grained sediments made up by quartz, feldspar, hematite and illite, with scarce kaolinite. The preservation of dolomicrite in some paleosols suggests that they originally developed as dolocretes in an arid to semi-arid climate with marked seasonality.
Introduction
During the Permian-Triassic transition, dated at 251 Ma (Menning, 200 1 ) , the Earth experienced the most severe crisis in its history. Both marine and terrestrial life suffered this crisis and it is estimated that 93-95% of all marine species (Raup, 1979 ) and about 70% of all vertebmte families (Maxwell, 1992) disappeared, which is twice as many groups as at the end-Ordovician marine mass extinction and many more than during the end-Cretaceous event.
Although the Permian-Triassic transition mass extinction and its possible causes are receiving far more attention now than in past decades, there are still controversies about the origin of the interrelated processes that resulted in that crisis. Furthermore, Late Permian sediments below the Permian-Triassic Boundary (PTB) already show clear evidence of step wise mass extinctions (Stanley and Yang, 1994; Wignall et aI., 1998; Kozur, 1998; Jin et aI., 2000; Benton, 2003) , which could support the idea of linked causes.
Interpretations about this crisis are not equally clear in all the Late Permian rocks since those of marine origin show more paleontological evidence. As adequate correlation between rocks of marine and continental origin has not been established for the PTB, it is difficult to determine whether the ter restrial events were exactly contemporaneous with those in the oceans. Studies of the continental record are crucial for determining whether the mechanisms of the crisis and extinction are the same as those observed in the marine record. Although there is growing evidence that tetrapods and insects also suf fered considerable extinction, and that plant assem blages provide additional evidence of severe disturbance (Erwin, 1996) , the geochemical and mineralo gical response to the crisis on land was prob ably different from the one recorded in marine sedi ments. Detailed geochemical and mineralogical analysis such as those of Holster and Magaritz (1992) , Retallack (1999) , Krull and Retallack (2000) and Beauchamp and Baud (2002) may produce the key for a better Wlderstanding of the Permian-Triassic transition from a global perspective.
This paper intends to contribute to the better Wlder standing of the environmental changes by means of the mineralogical characterization of fine-grained sediments and paleosol profiles of the continental Late Permian rocks of the SE Iberian Ranges, eastern Spain. A detailed study of a series of selected sections in a very complete succession of rocks in this area allows us to identify the changing mineral composi tion across this transition. These variations are dis cussed in terms of palaeoenvironmental changes and they are related to the mineralogical assemblages described in other regions.
Geological setting
During Late Permian-Early Triassic Iberia was a microplate located in the eastern part of Pangea in equatorial latitudes (Ziegler, 1990; Ziegler and Stamp fii, 2001 ) . By this time the western propagation of the Neotethys and the strike-slip motion of the Pyrenean and Gibraltar fault zones produced an extensional regime in the microplate, resulting in the creation of several extensional basins: the Iberian, Catalan and Pyrenean basins (Fig. I ) .
The data presented in this paper have been obtained from the Permian-Triassic transition rocks of the southern Iberian Range. The present-day iber ian Range is a linear structure of Tertiary origin in central-eastern Spain, created by tectonic inversion of the Mesozoic Iberian Basin during compressional tec tonic events mainly during the Late Oligocene-Early Miocene (Mufioz and Casas, 199 7) , which resulted in thin-skinned deformation with the detachment level in the evaporitic Keuper facies. The long and complex extensional story of the Iberian Basin started during the Early Permian with the extensional collapse of the Hercyoian belt and westward propagation of the Neo tethys, and continued during the Late Permian and the Triassic (Sopeiia et aI., 1988; Ziegler, 1990; L6pez G6mez et aI., 1998) .
As in the rest of the basins of the Iberian micro plate, the Upper Permian-Lower Triassic rocks in the Iberian Basin are represented by alluvial sediments that lasted Wltil Anisian times, when the Tethys Sea reached (Landete Formation) the eastern Iberian microplate margin (Fig. 2) (Arche and L6pez G6mez, 1999 ) . The PTB is not represented in the study area. It is probably located somewhere from the contact between the lower and upper conglomerate subunits of the Hoz de Gallo Formation to the lower � <{ 0 a:: 
DJ]
Th � r-t l�O part of the Caii izar Formation (Fig. 2) (LOpez-Gomez et aI., 2005) . Sedimentation in the basin was con trolled and isolated by different highs thst crossed the basin until the end of the Pennian when most of the highs were covered by alluvial sediments, very near to the Pennian-Triassic transition.
The present study is based on a detailed analysis of the A1cotas Formation (Late Permian) and the base of the Caii izar Formation (Early Triassic) as exposed in six stratigraphic sections (Boniches, Landete, Talayuelas, Garaballa, Chelva and Ch6var-Eslida) from the study area (Fig. 3) .
Analytical methods
For the mineralogical analysis 54 samples of red siltstones and mudstones were collected from the A1cotas and Caii izar Formations near the Permian Triassic boundary (Fig. 3) . The bulk sample mineml ogy was obtained by X-ray diffraction (XRD) after grinding and homogenization of the samples to < 53 )lm. Random-oriented powders were examined on a Siemens Kristalloflex 810 diffractometer, using Cu Kc< at 40 kV and 40 mA, a step size of 0.03 ("2e), and time per step of 1 s (scan rate of 1.8" 2e/min). The clay mineral composition was determined on oriented aggregates of the <2 [lm fraction obtained by sedi mentation from an aqueous suspension onto glass slides. In some cases they were subjected to thermal treatment at 550 "C for 2 h and to solvation with ethylene glycol (EG). A slower scan rate (1 .2" 2e; min) was used between 2" and 13" 2e in order to get better-defmed peaks. Semi-quantitative analyses were performed following the method proposed by Schultz (1964) .
In order to determine the intensity of the post sedimentary processes that affected these samples, the full-width-half-maximum (FWHM) of the illite 1011 reflection (the so-called Kiibler index, Kl) was measured on the diffractograms of the < 2 [lm mate rial. Our data (y) were transformed to Crystallinity Index Standard (CIS) data (x) (Warr and Rice, 1994) by the formula: y�0.869 x+0.0022. Therefore, KI values quoted in the following parts of this study have been converted to the CIS scale, in which the anchizone limits are 0.25-0.42" 1l2e.
Petrogmphic microscopy was used for the study of thin sections to complement the mineralogical char acterization of the samples. A more detailed study of the textural and morphological features of the miner als was performed on gold-coated chips of selected samples in a Jeol 6400 scanning electron microscope (SEM), equipped with an energy dispersive spectro meter (EDS).
Another 53 samples have been used for a petro graphic and geochemical study of sedimentary and diagenetic features of paleosols, using standard petro graphic techniques and cathodoluminescence, com bined with an elemental analysis of carbonates. For each sample, a polished and Wlcovered thin section was prepared to 30 flm thickness for petrographic and geochemical analysis. Cathodoluminescent (CL) exa mination was carr ied out using a Te chnosyn ® cold cathodoluminescent unit. Following examination with CL, all thin sections were stained with Alizarin Red S and potassium ferricyanide (Dickson, 1966) . Elemen tal analysis for Ca, Mg, Sr, Mn, and Fe was performed on a lEOL JXA-8900 M WDIED electron microp robe. All analyses were conducted with an accelerat ing voltage of IS kV and a spot size of S fllli. Detection limits were 100 ppm for Mg, 2S0 ppm for Sr, 200 ppm for Mn, and 2S0 ppm for Fe, and 140 ppm for Na.
The sediments

Depositional environments and age
Subsidence reconstructions (Arche and L6pez G6mez, 1996; Van Wees et aI., 1998; Va rgas, 2002) show that the Permian-Triassic extensional period can be subdivided into four distinct episodes bounded by angular Wlconformities or hiatuses. In this paper we only deal with sediments of the second and third episodes.
Early Permian: Represented by andesitic-basaltic volcanic rocks and dykes associated with lacustrine and fluvial sediments in isolated basins along the Iberian Range (Hemando et aI., 1980; Doblas et aI., 1993; Lago et aI., 200 1, in press ).
Late Pennian: Represented by red bed facies: con glomerate, sandstone and mudstone, usually knO\vn as "Saxonian facies" in the literature (Sopefia et aI., 1988; Arche and L6pez-G6mez, 1996) . They were deposited in a broad asymmetric rift basin trending NW-SE. The episode ended with uplift and partial erosion.
Late Permian-Middle Triassic: Represented by the continental BWltsandstein facies and the shallow mar ine Rot and lower part of the Muschelkalk facies, deposited in a single rift basin (Sopeiia et aI., 1988; L6pez-G6mez and Arche, 1993) .
Middle Triassic-Early Jurassic: Represented by shallow marine carbonates and evaporites (perez�Arlu cea and Sopeiia, 1985; Ort!, 1987; Ort! et aI., 1996; L6pez-G6mez et aI., 1998; G6mez and Goy, 1999 ) .
The Late Permian sediments of the second episode are represented by the Boniches and A1cotas Forma tions ( Fig. 2 ) (L6pez. G6mez and Arche, 1993) . This paper focuses on the Alcotas Formation and the base of the Caii izar Formation (Early Triassic).
The A1cotas Formation (L6pez- G6mez and Arche, 1993) , up to 170 m thick, consists of red to dark brown siltstone and mudstone layers and lenticular bodies of sandstone and locally conglomerate. The formation has been interpreted as deposits of seasonal braided rivers with high avulsion rate and extensive floodplains and shallow semi-permanent lakes that evolved towards the top to meandering rivers. Several pollen and spore assemblages of Late Permian (Thiiringian) age have been found in the lower and middle parts of the For mation (Doubinger et aI., 1990; Sopeiia et aI., 1995) .
The third episode has a very complex vertical and horizontal facies distribution and it is constituted by the Hoz de Gallo Formation and the Caii izar Formation. The Hoz de Gallo Formation (Ramos, 1979; Rarnos et aI., 1986) only crops out in the NW area where it reaches up to 4 m thick (Fig. 2) . It consists of quartzite conglomerate lying unconformably on the A1cotas For mation or on the Lower Paleozoic basement.
The Caii izar Formation (L6pez-G6mez and Arche, 1993) is up to 170 m thick and consists of pink to white arkose with minor conglomerate and red mud stone layers. It has been subdivided into six subWlits by means of regional erosion surfaces and interpreted as sandy braided river deposits. Paleocurrents point to the SE. It lies conformably on the Hoz de Gallo Formation or Wlconformably on the Alcotas Forma tion (Fig. 2) .
Mineralogy of the fine-grained sediments
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random-oriented powders from the Cafii zar Formation in the Garaballa section (Fig. 3) . Zircon, ilmenite and xenotime are present as accessory minerals within this section. The Kiibler index data for the Boniches, Land ete, Talayuelas, Garaballa and Chelva sections range between 0.44" and 0.75" Jl28 and are clearly indicative of diagenetic conditions. Samples from the Ch6var-Eslida section are red limolites with a similar mineralogical composition. However, the XRD analysis reveals the presence of pyrophyllite instead of kaolinite in six of the sam- pIes, together with traces of chlorite and lepidocro cite (Fig. 4b) . This clay mineral assemblage, together with the lower KI data (0.28 -0Al"Ll.28), suggests that these samples were subjected to very low grade metamorphism. The SEM study reveals that illite in most of the sections is found as roughly oriented platy crystals within the matrix (Fig. 5a ) or as small fibres coating larger crystals (Fig. 5b) . In samples from the Ch6var Eslida section pyrophyllite commonly occurs as pack ets of slightly deformed crystals (Fig. 5c ).
Paleosols description
Paleosols developed within the Alcotas Formation have been studied in detail in the western part of the study area, specifically in the Landete and Talayuelas stratigraphic sections (Figs. 3 and 6 ), where they are more abundant and best preserved. In the eastern part of the study area (Chelva and Ch6var-Eslida strati graphic sections), subsidence was higher during the Late Permian (Vargas, 2002) , and thus, paleosols are less abundant and poorly developed and no carbonate paleosols have been observed. Carbonate soil profiles with different stages of development have been recog nized in the Landete and Talayuelas sections (Fig. 6) . They correspond to the category of aridisols and vertisols proposed by Retallack (1993) . In both sec tions the A1cotas Fonnation can be subdivided into three parts based on the presence or absence of paleo sols, their type and stage of development and on the mineralogical composition (Fig. 6) .
In the lower part paleosols are developed over alluvial sediments (Fig. 6 ) composed of red to brown sandstone, siltstone and mudstone. Pedogenic profiles commonly range between 25 cm and 1.5 m thick and they vary in their stage of development from stage I to stage III of Machette (1985) . The dark red mudstone and/or siltstone contain scattered and small spherical to subspherical carbonate nodules (up to 22 mm in dia meter) and root traces of about 13 cm long and 3-5 cm wide (Fig. 7a,b) . Upwards in the profile, carbonate nodules are larger, up to 7 cm in diameter and, in some profiles, they form continuous layers of coales cing nodules that can be traced laterally at least 50 m (Fig. 7a) . This calcareous horizon (15 to 55 cm thick) has a dark red colour or, in some cases, a mottled dark red to yellowish colour and typically displays a very well developed cracking structure composed of abun dant angular and irregular cracks (up to 1 mm thick) (Fig. 7c) . The horizon gradually passes upwards into a pUlple to dark red clayey horizon ( Fig. 7a ) with evi dence of poorly preserved subangular blocky and platy peds. Maximum thickness of this upper horizon is 50 cm, with its top grading into the overlying red siltstone and mudstone or sharply truncated by bodies of sand stone. The mineralogy and texture of the original carbonate that precipitated in the calcareous horizons are not preserved in most of the paleosols because they are replaced by coarse and euhedral to subeuhedral dolomite and magnesite that precipitated during sub sequent stages of diagenesis (Fig. 7c) . The carbonate precursor has been only observed in the Talayuelas section, where it is constituted by dolomicrite that shows dark red luminescence and nodular texture (Fig. 7c) .
The middle part of the A1cotas Formation consists of dark red mudstone with thin bodies of sandstone 
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"" -.:.,... interbedded (Fig. 6) . In this part, paleosols vary from stage I to IV according to Machette's (1985) classifica tion. Paleosol horizons formed in the middle part of the sequence are similar to those of the lower part of the Alcotas Formation, although they can be better devel oped (stage IV of Machette's classification) with a maximum thickness of 1 m (Fig. 7d) . The calcareous horizon of these paleosols is composed of felTIlginous mudstone that shows a lower part with coalescing carbonate nodules and an upper part, up to 20 cm thick, of solid brownish to yellowish carbonate with a sharp top and lateral continuity that can be traced for 100 m. It exhibits a weakly developed platy structure and abWl dant irregular cracks, associated with fossil root traces (Fig. 7c) . The original mineralogy of the calcareous paleosol horizons developed in the middle part of the A1cotas F onnation are not preserved because they were completely replaced by coarse dolomite and magnesite that precipitated during early stages of burial and obliterated the original pedogenic microstructure. In addition, these paleosols are affected by fractures that developed during late stages of burial. These frac tures are filled by ankerite, barite and/or ferroan calcite. The last two paleosols observed in the middle part of the Landete section contain two beds: the lower bed (up to 20 cm thick) is composed of mud stone or sandstone largely replaced by magnesite; the upper bed is a very dark layer, up to 7-10 cm thick, mainly composed of goethite, which preserves lenticular pseudomorphs of siderite, up to 7 mm long, that form aggregates (Fig.  7e-g ). Only small relics of siderite (Cao.0 2 MnO.1 2 Feo.8oM80.o6C03) ' less than 10 f.UI1 wide, are preserved in the pseudomorphs. Goethite may replace siderite crystals completely. More commonly, siderite pseudo morphs are constituted by goethite, calcite and ankerite (Fig. 7f, g ). In this case, goethite precipitation mimics the extemal lenticular shape and the cleavage planes of the siderite precursor ( Fig. 7 g) ; the remaining porosity inside the pseudomorphs is filled by ankerite and ferroan calcite (Fig. 7 g ). Ankerite and calcite also fill fractures that postdate siderite and goethite precipita tion (Fig. 7f) .
In the Talayuelas section no paleosols containing siderite or siderite pseudomorphs have been recog nized in the middle part of the sequence. However, accumulations of goethite precipitated aroWl d fossil plant fragments have been observed along some par tially covered strati graphic beds (Fig. 6) .
The upper part of the Alcotas Formation contains dark orange to red mudstone and sandstone with no evidence of pedogenic carbonate precipitation (Fig. 6) . The only preserved pedogenic features correspond to some diffuse, drab coloured (greenish-grey) haloes possibly developed around reduced root channels (Retallack, 1997) . The base of the upper part of the A1cotas Formation in the Landete section is constituted by greenish to reddish lutites interbedded with carbo naceous shales (Fig. 7h) . In addition, there are some thin and discontinuous layers, up to 1 cm thick, com posed of siderite pseudomorphs, which are interbedded with the carbonaceous shales. Carbonaceous shales and/or coal beds similar to those of the Landete section have been observed in the upper part of the Alcotas Formation in the Chelva stratigraphic section (Fig. 3) .
Discussion
Mineralogical studies may result in a key-tool for a better Wl derstanding of the palaeoenvironmental changes recorded during the poorly known Permian Triassic transition in continental sediments. The SE Iberian Ranges show very good outcrops of this con tinental transition. A detailed mineralogical study from a combination of both [me-grained samples and soil profiles allows us to determine some of the main characteristics of the Late Permian general changes and their possible origin and consequences.
Mineralogical composition of the fine-grained sediments
The clay mineral assemblage of most of the Per mian-Triassic sediments of the SE Iberian Ranges is formed predominantly by illite (with KI values that are characteristic of diagenesis) and minor amounts of kaolinite in some of the samples. However, the nar rower loA peaks measured in the Ch6var-Eslida section (0.28-0.410 Ll.28) and the presence of pyro phyllite in some samples indicate that very low grade metamorphic conditions were attained in the area. The very low grade metamorphic clay assem blage is described for the fIrst time within the SE Iberian Range. Preliminary data suggest that exten sional tectonics and crustal thinning, combined with anomalously high subsidence rates (Van Wees et aI., 1998; Vargas, 2002) are responsible for the develop ment of the metamorphism. The extent of this anchi metamorphic event is curr ently under evaluation.
The presence of illitic clay as the predominant component of the fine-grained silicic1astic continen tal sediments is in agreement with previous studies of the Western European Pennian-Triassic (Lucas, 1962; Fisher and Jeans, 1982; Lippmann and Bert hold, 1992; Jeans et aI., 1994; Ruiz Crnz, 1996; Marfil et aI., 1996) . Lindgreen and Surlyk (2000) fOWl d a more complex clay assemblage in the Per mian-Triassic mudstone of East Greenland, with illite, chlorite, venniculite and illite-smectite. The authors argued that discrete clay minerals in these rocks are largely detrital, derived from weathered Precambrian and Caledonian crystalline basement of Greenland.
In a study of Permian-Triassic rocks of the AJcaraz region (Spain), South Devon coast (U.K.), and deep wens in the Western Approches and Yorkshire, Jeans et al. (1994) conclude that much of the clay mica assemblage was formed originally in coeval deserts, and it was then eroded and deposited as detritus in adjacent areas. They claim that the ferric nature of the micas and the abUll dance of clay mica in the uppermost layers of soils from present-day arid regions support this assertion. Alternatively they suggest that much of the clay mica could have been wind transported from sources outside Europe. This wind-blO\vn hypothesis was also considered in a previous work on the study area by Alonso-Azcarate et a1. (1997) who suggested the Zechstein Basin (poland) as the potential source area. Many of the arguments concerning the prevailing oxidizing conditions and clay mica development in soils of arid or semi-arid regions might apply to our samples.
Paleosol interpretation
The original carbonate mineralogy of most of the calcareous horizons developed in the lower part of the Alcotas Formation is Wl certain because they are lar gely replaced by coarse dolomite and/or magnesite. These mineral assemblages are similar to those pre cipitated in the red beds of the Late Permian of Austria (Spot! and Bums, 1994) . However, the pre servation of dolomicrite in some horizons (Fig. 7c) suggests that they originally developed as dolocretes in an arid to semi-arid climate with marked season alily (Wright and Tucker, 1991; Spot! and Wright, 1992; Alonso-Zarza, 2003) .
It is not possible to determine the original miner alogy of carbonate paleosols of the middle part of the Alcotas Formation, because they are replaced by coarse magnesite and no relict of the carbonate precursor has been preserved. However, early diage netic siderite has been observed in the dark bed developed at the top of these paleosols, just below and interbedded with the carbonaceous shales at the base of the upper part of the Landete section (Figs. 6 and 7h). Siderite has very low Mg and Ca and high Mn contents that are typical of siderites pre cipitated from meteoric-derived waters (NIozley, 1989 ) . Siderite precipitation has been widely described as a very early diagenetic phase that commonly occurs in organic-rich marsh and swamp sediments deposited in fl oodplains and del tas (Coleman, 1985; Curtis and Coleman, 1986; Homibrook and Longstaffe, 1996; Mackay and Longstaffe, 1997; Morad, 1998; Rossi et aI., 2001 , for example). Moreover, siderite precipitation requires very low pOb very high pCOb a slightly acid to near neutral pH, and high concentrations of dissolved Fe 2 + (Ohmoto et aI., 2004) . In contrast, pedogenic dolomite commonly occurs in well-aera ted soils, and its precipitation requires relatively low pC0 2 (Wright and Tucker, 1991) , and higher pH (Krumbein and Garrels, 1952) and Mg+Ca/Fe ratios (Coleman, 1985; Curtis and Coleman, 1986) than siderite precipitation. Thus, the environmental conditions likely changed towards more humid and acid during formation of siderite beds, which pre cipitated in poorly aerated and poorly drained areas. These environmental conditions agree with the pre sence of the carbonaceous shales and coal beds in the base of the upper part of the Landete section, and the type of plant remains of these levels that indicate a change towards more humid conditions (Di6guez and Barron, 2005). Siderite is largely or completely replaced by goethite that precipitates Wl der oxidizing conditions when siderite becomes Wl stable. Goethite is post dated by ankerite and calcite that precipitated during later stages of diagenesis (Fig. 7f, g ). Thus, a recent replacement of siderite can be ruled out. It is also unlikely that goethite precipitated during burial of the Wl it but before ankerite and calcite precipitation, because burial diagenesis is dominated by reducing waters, and goethite typically precipitates Wl der oxi dizing humid, and acid conditions (Landon, 1991; Benison and Goldstein, 2002; Boul, 2003; Ohmoto et aI., 2004; Tabor et aI., 2004) . Thus, it is probable that goethite precipitated during early stages of the diagenesis, before or soon after burial of paleosols. This is also supported by the presence of goethite accumulations in the Talayuelas section that preserve the original structure of plant remains, because iron replacement of plant organic matter can occur on the order of weeks or years (DUllil et aI., 1997; Tabor et aI., 2004) .
In the uppermost part of the Alcotas Formation, the lack of carbonate paleosols and plant remains would indicate a further step towards acid and oxi dizing conditions. Such conditions have been broadly described for the end of Permian times (Erwin, 1993) . This situation would continue until the Early Triassic, as indicated by the presence of Sr rich aluminium sulphate phosphates (APS minerals) at the base of the Caii izar Formation. The formation of APS minerals is usually related to low pH envir onments (Spot!, 1992; Dill et aI., 1995; Dill, 2001 ).
In addition to the occurr ence of APS minerals, the lack of carbonates and the widespread presence of hematite-rich red beds are features that may be con sidered as indirect evidence of an ancient acid sys tem according to the criteria proposed by Benison and Goldstein (2002) .
Concluding remarks
Three parts have been differentiated in the Late Permian continental sediments (A1cotas Formation) in SE Iberian Ranges (Spain) based on minemlogical and petrolological data and analysis of soil profiles. These parts can be related to changes in the palaeoenviron mental conditions.
The lower part would developed in an arid to semi arid climate with marked seasonality. Some evidences for these conditions include the presence of paleosols with shallow calcic horizons and the preservation of dolomicrite in some of the nodules.
In the middle part, a change in the palaeoenvir Olnnental conditions can be recognized. Firstly, the presence of siderite in the paleosols and the occur rence of carbonaceous shales point to more humid and acid conditions in poorly areated and poorly drained areas. Secondly, these conditions evolved to more acid and oxidizing, as revealed by the pre sence of goethite both replacing siderite and as a former precipitate aroWl d plant remains towards the top of this middle part.
The upper part of the A1cotas Formation and the lower part of the Caii izar Formation would represent a further step towards acid conditions as indicated by the lack of carbonate paleosols and plant remains. The occurr ence of APS minerals at the base of the latter unit would indicate extreme acid conditions.
